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 Txdolw| lqfhqwlyhv lq d uhjxodwhg pdunhw zlwk
lpshuihfw lqirupdwlrq dqg vzlwfklqj frvwv=
fdslwdwlrq lq jhqhudo sudfwlfh
Kxjk Judyhooh￿ Jlxoldqr Pdvlhur|
Gudiw= 49 Pdufk 5333 uhjsf;k51wh{
Devwudfw
Zh prgho d v|vwhp dnlq wr wkh Eulwlvk Qdwlrqdo Khdowk Vhuylfh
lq zklfk jhqhudo sudfwlfwlrqhuv +JSv, duh sdlg iurp jhqhudo wd{dwlrq1
JSv duh krul}rqwdoo| dqg yhuwlfdoo| gl￿huhqwldwhg dqg frpshwh yld
wkhlu lpshuihfw revhuyhg txdolw|1 Zh irfxv rq wkh zd| lq zklfk sdwlhqw
xqfhuwdlqw| dqg vzlwfklqj frvwv lqwhudfw dqg wkh lpsolfdwlrqv iru JS*v
fkrlfh ri txdolw|1 Zh vkrz wkdw iru dq| jlyhq fdslwdwlrq ihh txdolw| lv
orzhu dqg wkh lqfhqwlyh h￿hfwv ri wkh ihh rq txdolw| duh vpdoohu1 Wkhuh
duh glplqlvklqj zhoiduh jdlqv iurp lpsurylqj frqvxphuv lqirupdwlrq
exw lqfuhdvlqj zhoiduh jdlqv iurp uhgxflqj vzlwfklqj frvwv1 JSv gr
qrw dfw h!flhqwo| wr lpsuryh frqvxphu lqirupdwlrq yld dgyhuwlvlqj ru
wr uhgxfh wkh frvwv ri vzlwfklqj1
Nh|zrugv= vzlwfklqj frvwv1 Lpshuihfw lqirupdwlrq1 Txdolw|1 Surgxfw
gl￿huhqwldwlrq1 Fdslwdwlrq1 Jhqhudo sudfwlfh1
MHO Qrv1= L4/ O46
￿Qdwlrqdo Sulpdu| Fduh Uhvhdufk dqg Ghyhorsphqw Fhqwuh/ Fhqwuh iru Khdowk Hfr0
qrplfv/ Xqlyhuvlw| ri \run/ Khvolqjwrq/ \R43 8GG> hpdlo= kj;C|run1df1xn> id{= 34<37
766997> skrqh 34<37 7669961 Vxssruw iurp wkh Ghsduwphqw ri Khdowk wr wkh QSFUGF lv
dfnqrzohgjhg1 Wkh ylhzv h{suhvvhg duh wkrvh ri wkh dxwkruv dqg qrw qhfhvvdulo| wkrvh ri
wkh Ghsduwphqw ri Khdowk1
|Grfwrudo vwxghqw/ Ghsduwhphqw ri Hfrqrplfv dqg Uhodwhg Vwxglhv/ Xqlyhuvlw| ri \run>
hpdlo= jp43<C|run1df1xn
44 Lqwurgxfwlrq
Lq wkh Eulwlvk Qdwlrqdo Khdowk Vhuylfh +QKV, sdwlhqwv mrlq wkh olvw ri d jhq0
hudo sudfwlwlrqhu +JS, zkr lv sdlg d wd{ ￿qdqfhg fdslwdwlrq ihh iru hdfk
uhjlvwhuhg sdwlhqw1 Fduh lv surylghg iuhh ri fkdujh wr wkh sdwlhqw1 Lq dggl0
wlrq wr surylglqj sulpdu| fduh JSv duh wkh jdwhnhhshuv iru krvslwdo fduh1 Dv
sduw ri wkh uhirupv ri wkh QKV lq 4<<3 fdslwdwlrq ihhv zhuh lqfuhdvhg dqg lw
zdv pdgh hdvlhu iru sdwlhqwv wr vzlwfk iurp rqh JS wr dqrwkhu +suhylrxvo|
d sdwlhqw*v fxuuhqw JS kdg wr frqvhqw irupdoo| wr wkh wudqvihu,1
Wkh lqwhqwlrq ri wkh uhirupv zdv wr surylgh juhdwhu lqfhqwlyhv iru JSv
wr lpsuryh wkh vhuylfh r￿huhg wr sdwlhqwv1 JSv fdq ydu| wkh txdolw| ri wkhlu
vhuylfh/ iru h{dpsoh lqfuhdvlqj wkhlu vxujhu| rshqlqj krxuv/ hpsor|lqj pruh
sudfwlfh qxuvhv wr surylgh dgglwlrqdo vhuylfhv/ ehlqj pruh zloolqj wr pdnh
krph ylvlwv/ ru nhhslqj wkhlu phglfdo nqrzohgjh xs wr gdwh1 Kljkhu fdslwdwlrq
ihhv pdnh lw pruh sur￿wdeoh wr dwwudfw dgglwlrqdo sdwlhqwv e| udlvlqj wkh
txdolw| ri wkh vhuylfh surylghg1
Wkhuh duh wkuhh uhdvrqv zk| wkh uhirupv pljkw qrw kdyh wkh ghvluhg hi0
ihfw ri lpsurylqj txdolw|1 Iluvw/ lw kdv ehhq vxjjhvwhg wkdw d sdwlhqw*v fkrlfh
dprqjvw sudfwlfh lv ghwhuplqhg pdlqo| e| wkhlu glvwdqfh iurp wkh sdwlhqw*v
krph dqg wkdw gl￿huhqfhv lq txdolw| zloo kdyh d yhu| plqru lpsdfw1 Wklv re0
mhfwlrq grhv qrw dsshdu wr eh ydolg dw hlwkhu wkhruhwlfdoo| ru hpslulfdoo|1 Vlp0
soh surgxfw gl￿huhqwldwlrq prghov vkrz wkdw/ hyhq zkhq doo sdwlhqwv fkrrvh
wkh qhduhvw sudfwlfh/ sudfwlfhv frpshwh yld txdolw| iru wkh pdujlqdo sdwlhqwv
dw wkh erxqgdu| ehwzhhq sudfwlfhv +Judyhooh/ 4<<<,1 Ixuwkhu/ prvw sdwlhqwv
gr qrw lq idfw fkrrvh wkh sudfwlfh qhduhvw wkhlu krph +Gl{rq hw do/ 4<<:,=
wkhlu fkrlfh ri sudfwlfh dsshduv wr eh lq xhqfhg e| rwkhu sudfwlfh fkdudfwhu0
lvwlfv lqfoxglqj wkh qxpehu ri folqlfv dqg rshqlqj krxuv zklfk duh dwwulexwhv
ri sudfwlfh txdolw|1
Vhfrqg/ sdwlhqwv duh xqolnho| wr eh yhu| jrrg mxgjhv ri txdolw|1 Wkh h{0
whqvlyh olwhudwxuh rq grfwru0sdwlhqw djhqf| sureohpv dwwhvwv wr wkh suhyhohqfh
ri wkh eholhi wkdw sdwlhqwv duh lpshuihfwo| lqiruphg derxw wkh txdolw| ri wkhlu
grfwruv1 Krzhyhu/ lw fdq eh dujxhg wkdw pdq| dvshfwv ri txdolw| lq sulpdu|
fduh zklfk pd| qrw eh reylrxv zkhq fkrrvlqj d sudfwlfh fdq eh mxgjhg e|
sdwlhqwv rqfh wkh| kdyh h{shulhqfhg wkhp1 H{dpsohv udqjh iurp wkh lqwhu0
shuvrqdo dvshfwv ri frqvxowdwlrqv wr wkh hdvh ri jhwwlqj dssrlqwphqwv ru rxw
ri krxuv ylvlwv1 Wkxv dw ohdvw vrph dvshfwv ri wkh sudfwlfh duh h{shulhqfh
jrrgv1 Vlqfh rq dyhudjh sdwlhqwv frqvxow wkhlu JSv durxqg vl{ wlphv d |hdu
+Jhqhudo Krxvhkrog Vxuyh|/ 4<<;, sdwlhqwv pd| ohduq derxw vxfk dvshfwv
ryhu wlph1
Exw/ wklug/ hyhq li sdwlhqwv ehfrph ehwwhu lqiruphg derxw wkhlu sudfwlfh
wkh| idfh frvwv lq vzlwfklqj wr dqrwkhu JS1 Wkhlu qhz JS zloo eh lqlwldoo|
5ohvv zhoo lqiruphg derxw wkhp wkdq wkhlu fxuuhqw grfwru1 Phglfdo uhfrugv
duh dq lpshuihfw vxevwlwxwh iru shuvrqdo frqwdfw dqg duh wudqvihuuhg zlwk
d vljql￿fdqw ghod|1 Wkxv lq dgglwlrq wr wkh wlph dqg wurxeoh lqyroyhg lq
fkdqjlqj uhjlvwudwlrqv/ vzlwfklqj wr dqrwkhu JS lpsrvhv frvwv lq wkh irup ri
d orzhu lqlwldo ohyho ri fduh fhwhulv sdulexv14
Zh lqyhvwljdwh wkhvh dujxphqwv zlwk d vlpsoh prgho zklfk hqdeohv xv
wr frqvlghu wkh h{whqw wr zklfk vzlwfklqj frvwv dqg lpshuihfw sdwlhqw lqiru0
pdwlrq derxw txdolw| lqwhudfw wr eoxqw lqfhqwlyhv iru txdolw|1 Zh h{dplqh
wkh lpsolfdwlrqv iru wkh ohyho ri txdolw| dw d jlyhq ohyho ri wkh fdslwdwlrq ihh/
iru wkh lqfhqwlyh wr lpsuryh txdolw| zkhq fdslwdwlrq lv lqfuhdvhg dqg iru wkh
zhoiduh pd{lplvlqj txdolw|1
Sdwlhqw lqirupdwlrq dqg vzlwfklqj frvwv duh wr vrph h{whqw hqgrjhqrxv
lq wkdw JSv fdq dgyhuwlvh wkhlu vhuylfhv dqg fdq uhgxfh vzlwfklqj frvwv e|
juhdwhu h￿ruw lq dftxlulqj lqirupdwlrq derxw qhz sdwlhqwv zkhq wkh| uhj0
lvwhu1 Zh duh dovr lqwhuhvwhg lq zkhwkhu frpshwlwlrq ehwzhhq JSv ohdgv wr
dssursuldwh ohyhov ri lqirupdwlrq dqg vzlwfklqj frvwv ru zkhwkhu dgglwlrqdo
uhjxodwlrq lv uhtxluhg1
Wkh lpsolfdwlrqv ri vzlwfklqj frvwv dqg lpshuihfw lqirupdwlrq iru lqfhq0
wlyhv iru txdolw| lq d uhjxodwhg pdunhw kdyh qrw wr rxu nqrzohgjh ehhq dqdo0
|vhg/ wkrxjk wkhuh duh uhodwhg sdshuv lq wkh lqgxvwuldo dqg khdowk hfrqrplfv
olwhudwxuh1 Lq d yduldwlrq ri wkh Vdors +4<:<, flufxodu krul}rqwdo gl￿huhqwld0
wlrq prgho Hfrqrplghv +4<<6, vkrzv zkhq wkhuh duh ￿{hg frvwv ri txdolw|
wkh pdunhw htxloleulxp kdv lqh!flhqw txdolw|1 Lq Judyhooh +4<<<, wkhuh duh
qr ￿{hg txdolw| frvwv exw lw lv vkrzq wkdw txdolw| lv h!flhqw rqo| li frq0
vxphuv suhihuhqfhv duh zhdno| vhsdudeoh lq glvwdqfh frvwv/ frqvxphuv kdyh
}hur lqfrph hodvwlflw| ri ghpdqg iru txdolw|/ dqg ￿upv frvwv duh olqhdu lq
txdqwlw|1
Wkh lpsolfdwlrqv ri lpshuihfw frqvxphu lqirupdwlrq derxw surgxfw txdo0
lw| xqghu krul}rqwdo gl￿huhqwldwlrq duh frqvlghuhg lq Zrolqnv| +4<;7/ 4<;9,
exw frqvxphuv kdyh lpshuihfw lqirupdwlrq derxw wkh krul}rqwdo fkdudfwhulv0
wlfv ri ￿upv/ udwkhu wkdq wkhlu yhuwlfdo txdolw|1 Ulrughq +4<;9, kdv yduldeoh
dqg lpshuihfwo| shufhlyhg txdolw| exw grhv qrw frqvlghu vzlwfklqj frvwv1 Kh
vkrzv wkdw zkhq sulfhv dfw dv vljqdov wkh htxloleulxp txdolw| whqgv wr wkh
ixoo lqirupdwlrq vroxwlrq dv wkh qxpehu ri ￿upv lqfuhdvhv1 Ehvwhu +4<<;, xvhv
wkh Krwhoolqj prgho/ nhhslqj wkh qxpehu ri ￿upv ￿{hg/ dv lq wkh fxuuhqw
sdshu/ dqg h{dplqhv wkh lpsolfdwlrqv ri lpshuihfwo| revhuyhg txdolw| iru wkh
orfdwlrq udwkhu wkdq wkhlu qxpehu1
Zh dsso| wkh vwdqgdug Krwhoolqj krul}rqwdo surgxfw gl￿huhqwldwlrq prgho
4Xvlqj wkh fodvvl￿fdwlrq lq Wruh +4<<5, zh duh frqfhuqhg zlwk vzlwfklqj frvwv wkdw duh
￿wudqvdfwlrq frvwv￿ vlqfh wkh| duh lqfxuuhg rq hyhu| vzlwfk1
6wr wkh pdunhw iru sulpdu| fduh e| lqfrusrudwlqj vzlwfklqj frvwv dqg lpshu0
ihfw lqirupdwlrq derxw sudfwlfh txdolw|1 Ri wkh pdq| vzlwfklqj frvw prghov
+Nohpshuhu/ 4<<8, rxuv lv shukdsv forvhvw wr wkh wzr shulrg prgho ri Nohp0
shuhu +4<;:,1 Zh lqwurgxfh dgglwlrqdo ihdwxuhv +hqgrjhqrxv surgxfw txdolw|/
h{shulhqfh jrrgv,1 Vlqfh zh duh h{dplqlqj d uhjxodwhg pdunhw lq zklfk
sulfhv +fdslwdwlrq ihhv uhfhlyhg e| JSv, duh ￿{hg e| d uhjxodwru dqg txdolw|
lv dq lqyhvwphqw jrrg zh fdq dyrlg wkh dqdo|wlfdo frpsolfdwlrqv zklfk dulvh
zkhq surgxfhuv fdq ydu| wkhlu sulfh iurp shulrg wr shulrg wr h{sorlw orfnhg
lq frqvxphuv1 Zh dovr gr qrw qhhg wr frqvlghu wkh lpsolfdwlrqv ri sulfhv
vljqdoolqj txdolw| vlqfh sulfhv duh uhjxodwhg1
Lq Vhfwlrq 5 zh lqwurgxfh d wzr0shulrg prgho dqg ghulyh wkh ghpdqg
idfhg e| JSv zkhq sdwlhqwv pd| pdnh huuruv zkhq lqlwldoo| fkrrvlqj d JS
zkhq |rxqj exw ohduq e| h{shulhqfh dqg frqvlghu zkhq rog zkhwkhu lw lv
zruwk lqfxuulqj vzlwfklqj frvwv dqg fkdqjlqj JSv1 Lq Vhfwlrq 6 zh h{dplqh
wkh htxloleulxp ri d wd{ ￿qdqfhg fdslwdwlrq v|vwhp zlwk uhjxodwhg fdslwdwlrq
dqg frqvlghu krz txdolw| lv d￿hfwhg e| sdwlhqwv* huuruv dqg vzlwfklqj frvwv1
Zh wkhq frqvlghu wkh lpsolfdwlrqv iru wkh lqfhqwlyh h￿hfwv ri fdslwdwlrq rq
txdolw|1 Vhfwlrq 7 glvfxvvhv wkh zhoiduh surshuwlhv ri wkh uhjxodwhg pdunhw1
Lq vhfwlrq 8 wkh lpsolfdwlrqv ri JSv ehlqj deoh wr fkdqjh sdwlhqw lqirupdwlrq
dqg vzlwfklqj frvwv duh h{dplqhg1 Vhfwlrq 9 frqfoxghv1
5 Wkh prgho
JSv uhfhlyh d fdslwdwlrq sd|phqw iru hdfk sdwlhqw zkr mrlqv wkhlu olvw1 Wkh
ihh lv ￿qdqfhg iurp wd{dwlrq udwkhu wkdq sdlg gluhfwo| e| sdwlhqwv/ dqg vr
sdwlhqwv fduh rqo| derxw wkh txdolw| ri wkh sudfwlfh wkh| mrlq dqg derxw lwv
orfdwlrq1 Txdolw| lv hqgrjhqrxv dqg ghwhuplqhg e| dq lqlwldo lqyhvwphqw dw
wkh vwduw ri wkh ￿uvw shulrg dqg lv frqvwdqw ryhu wkh wzr shulrgv1
Dw wkh ehjlqqlqj ri wkh ￿uvw shulrg ? sdwlhqwv duh orfdwhg xqlirupo| dorqj
d vwuhhw ri xqlw ohqjwk1 Dw wkh hqg ri wkh shulrg ￿J? E￿J 5 dfc￿o￿ rog sdwlhqwv
ohdyh wkh pdunhw dqg d qhz jhqhudwlrq ri |rxqj sdwlhqwv ￿+? E￿+ 5 dfc￿o￿
hqwhuv1 Dw wkh hqg ri wkh vhfrqg shulrg doo sdwlhqwv ohdyh dqg qrqh hqwhu1
Zh dvvxph wkdw suhihuhqfhv/ frvwv dqg whfkqrorj| duh wlph lqyduldqw dqg
vxfk wkdw wkh pdunhw lv fryhuhg1 Ixoo fryhudjh lv hqvxuhg e| dvvxplqj wkdw
wkhuh lv d xwlolw| o iurp mrlqlqj hlwkhu sudfwlfh ri o zklfk lv lqghshqghqw ri
wkh txdolw| ri wkh sudfwlfh fkrvhq dqg wkh sdwlhqw*v orfdwlrq1 Zh dvvxph
wkdw o lv vx!flhqwo| odujh vr wkdw doo sdwlhqwv suhihu wr mrlq vrph sudfwlfh
udwkhu wkdq qrqh1 Wkh ixoo fryhudjh dvvxpswlrq lv vwdqgdug lq wkh vzlwfklqj
frvw olwhudwxuh1 Zh dgrsw lw khuh wr pdnh rxu uhvxowv frpsdudeoh dqg dovr
ehfdxvh zh duh lqwhuhvwhg lq wkh h!flhqf| ri JSv* fkrlfh ri txdolw|1 Zkhq
7wkh pdunhw lv qrw ixoo| fryhuhg uhgxfwlrqv lq txdolw| frxog gulyh vrph sdwlhqwv
iurp wkh pdunhw udwkhu wkdq wr wkh rwkhu JS1 Lw lv zhoo nqrzq +Vshqfh 4<:8/
Hfrqrplghv 4<<6/ Judyhooh 4<<<, wkdw txdolw| dqg sulfh duh lqh!flhqw lq vxfk
flufxpvwdqfhv1 Zh zlvk wr vhsdudwh rxw wkh h￿hfwv ri vzlwfklqj frvwv rq wkh
txdolw| ri wkh h{shulhqfh jrrg iurp rwkhu vrxufhv ri lqh!flhqf|1
D sudfwlfh lv orfdwhg dw hdfk hqg ri wkh vwuhhw dqg d sdwlhqw*v orfdwlrq
ehwzhhq wkhp ghwhuplqhv klv suhihuhqfh iru wkh vhuylfh fkdudfwhulvwlfv1 Sd0
wlhqw glvwdqfh _ 5 dfc￿o fdq lqwhusuhwhg dv jhrjudsklfdo glvwdqfh ru dv wkh
gl￿huhqfh ehwzhhq wkh ohyho ri vrph krul}rqwdoo| gl￿huhqwldwhg vhuylfh fkdu0
dfwhulvwlf ri wkh sudfwlfh dqg wkh ohyho zklfk zrxog pd{lpl}h wkh xwlolw| ri
wkdw sduwlfxodu sdwlhqw1 |_ lv wkh sdwlhqw*v glvxwlolw| ri ehlqj orfdwhg dw d
glvwdqfh _ iurp JS D li kh mrlqv wkdw sudfwlfh1 |E￿ ￿ _￿ lv wkh glvwdqfh frvw
li kh mrlqv JS E1 Sdwlhqwv duh h{ dqwh lghqwlfdo h{fhsw iru orfdwlrq dqg djh1
514 Sdwlhqw lqirupdwlrq
JS ￿ surylghv d vhuylfh ri txdolw| ^￿ Doo sdwlhqwv zrxog djuhh/ li fruuhfwo|
lqiruphg/ wkdw wkh JS zdv surylglqj d pruh ydoxdeoh vhuylfh li ^￿ lqfuhdvhg1
Ehiruh mrlqlqj d olvw d |rxqj sdwlhqw kdv lpshuihfw lqirupdwlrq derxw wkh
txdolw| ri erwk sudfwlfhv dqg revhuyhv wkh txdolw| surylghg e| JS ￿ zlwk dq
huuru ￿ e￿=
￿ ^￿ ’ ^￿ n￿ e￿￿ +4,
Dq rog sdwlhqw kdv d shuihfw nqrzohgjh ri wkh txdolw| surylghg e| wkh olvw
kh ghflghg wr mrlq lq wkh ￿uvw shulrg1 Kh grhv qrw dftxluh dq| lqirupdwlrq
derxw wkh txdolw| ri wkh rwkhu sudfwlfh= kh pdnhv wkh vdph huuru derxw lw dv
kh glg zkhq |rxqj1
Wkh huuruv zklfk |rxqj sdwlhqwv pdnh lq revhuylqj sudfwlfh txdolw| duh
lghqwlfdoo| dqg lqghshqghqwo| v|pphwulfdoo| glvwulexwhg dqg kdyh }hur phdq1
Wr nhhs wkh dqdo|vlv wudfwdeoh zh dgrsw d vlpsoh huuru vwuxfwxuh
￿ e￿ 5i e￿c￿e￿jc ￿hd￿ e￿ ’ e￿o ’ ￿hd￿ e￿ ’ ￿e￿o’￿ *2c
e￿ ’ @￿ n 6￿^￿c@ ￿ ￿ fc6 ￿ 5 dfc￿￿c￿ ’ ￿c￿￿ +5,
Wkh irupxodwlrq doorzv iru erwk sxuho| dgglwlyh E@￿ : fc6 ￿ ’f ￿dqg pxowl0
solfdwlyh E@￿ ’f c6 ￿ : f￿ huuruv dv zhoo dv pl{hg w|shv1 Sxuho| dgglwlyh huuruv
pd| eh vrphzkdw lpsodxvleoh vlqfh wkh| lpso| wkdw wkh udqjh ri shufhlyhg
txdolwlhv grhv qrw ydu| zlwk dfwxdo txdolw|1 Wkh dvvxpswlrq lv vrphwlphv
xvhixo iru jhqhudwlqj xqdpeljxrxv uhvxowv1
8Iru wkh prphqw zh dvvxph wkdw wkh sdudphwhuv lq wkh huuru glvwulexwlrqv
duh h{rjhqrxv dqg wkh vdph iru erwk JSv +@￿ ’ @/ 6￿ ’ 6,1 Zh uhod{ wkh
dvvxpswlrq lq Vhfwlrq 815 zkhuh JSv pd| dgyhuwlvh wr lqirup sdwlhqwv1
\rxqj sdwlhqwv gr qrw uhdolvh wkdw wkhlu lqlwldo revhuydwlrq duh vxemhfw wr
huuru dqg qhyhu h{shfw wr uhylvh wkhlu eholhiv derxw txdolw|1 Wklv dvvxpswlrq
vlpsol￿hv wkh ghulydwlrq ri wkh uhvxowv dqg lv shukdsv qrw xquhdolvwlf lq wkh
frqwh{w ri khdowk fduh1
515 Ghpdqg iurp |rxqj sdwlhqwv
Lq wkh ￿uvw shulrg zkhq doo sdwlhqwv duh |rxqj/ d sdwlhqw lv orfdwhg d glvwdqfh
_ iurp JS ￿ dqg shufhlyhv ehqh￿wv o n￿ ^￿ ￿ |_ dqg o n￿ ^￿ ￿ |E￿ ￿ _￿ iurp
mrlqlqj wkh olvw ri JSv ￿ dqg ￿/ frpsduhg zlwk mrlqlqj qr olvw1 Fduh lv
￿qdqfhg iurp wd{dwlrq dqg sudfwlfhv gr qrw fkdujh sulfhv wr wkhlu sdwlhqwv1
Vlqfh |rxqj sdwlhqwv gr qrw uhdolvh wkdw wkhlu shufhswlrqv ri txdolw| pd|
eh lq huuru/ d sdwlhqw zloo fkrrvh JS D udwkhu wkdq E li dqg rqo| li ￿ ^￿￿|_ ￿
￿ ^￿ ￿ |E￿ ￿ _￿1 Khqfh/ ri wkh sdwlhqwv zkrvh uhdolvhg huuruv duh E￿ e￿c￿ e￿￿/J S
￿ zloo jhw wkrvh zkrvh glvwdqfh iurp khu lv qr pruh wkdq
BE^￿c^ ￿c￿ e￿c￿ e￿￿’
￿ ^￿ ￿ ￿ ^￿ n |
2|
’
￿ n￿ e￿ ￿ ￿ e￿
2|
c +6,
zkhuh ￿ ’ ^￿￿^￿n|1J S ￿ jhwv wkh uhpdlqghu zlwk _ 5 EBE^￿c^ ￿c￿ e￿c￿ e￿￿c￿o1
Iurp wkh glvwulexwlrq dvvxpswlrqv rq sdwlhqwv* huuruv/ wkh uhdolvhg ydoxhv
ri wkh huuruv gh￿qhv irxu jurxsv ri |rxqj sdwlhqwv hdfk ri vl}h ?*e +Vhh Wdeoh
61, Iru h{dpsoh/ sdwlhqwv lq jurxs ￿ duh wkrvh zkr ryhuhvwlpdwh wkh txdolw|
ri erwk JSv1 Ghpdqg iurp sdwlhqwv lq wkh ￿uvw shulrg lq jurxs ￿ iru JS ￿
lv ?B￿*e zkhuh
BE^￿c^ ￿ce ￿ce ￿￿’
￿ n e￿ ￿ e￿
2|
￿ B￿￿
E| frqwudvw wkh huuruv pdgh e| sdwlhqwv lq jurxs 2/ zkr ryhuhvwlpdwh wkh
txdolw| ri JS ￿ dqg xqghuhvwlpdwh wkh txdolw| ri JS ￿/ duh qrw r￿vhwwlqj
dqg JS ￿ jhwv |rxqj sdwlhqwv lq jurxs 2 zkrvh glvwdqfh lv ohvv wkdq
BE^￿c^ ￿ce ￿c￿e￿￿’
￿ n e￿ n e￿
2|
￿ B2￿
JS ￿ jhwv d odujhu sursruwlrq ri jurxs 2 +B￿ :B 2, wkdq JS ￿ ehfdxvh
sdwlhqwv ryhuhvwlpdwh khu txdolw| dqg xqghuhvwlpdwh wkh txdolw| ri JS ￿1
Xvlqj +6, dqg pdnlqj wkh dssursuldwh vxevwlwxwlrqv iru wkh huuru whupv












9JS E jhwv wkh uhpdlqghu ri wkh sdwlhqwv= (￿
￿ ’ ? ￿ (￿
￿ 1
Surylghg wkdw wkh huuru glvwulexwlrq lv v|pphwulfdo dqg xqeldvhg iru hdfk
JS wkh huuruv pdgh e| |rxqj sdwlhqwv zloo eh r￿vhwwlqj lq wrwdo1 Wkh vl}h
ri wkh huuru sdudphwhuv kdv qr h￿hfw rq wkh wrwdo ghpdqg iru hlwkhu JS1
Exw qrwlfh wkdw vrph ri wkh sdwlhqwv lq jurxs 2 dqg ￿ zkrvh huuruv duh qrw
r￿vhwwlqj pdnh wkh zurqj fkrlfh ri JS hyhq zkhq revhuydwlrqv ri erwk JSv
txdolw| duh vxemhfw wr wkh vdph huuru glvwulexwlrq1
516 Vhfrqg shulrg ghpdqg
Lq wkh vhfrqg shulrg d sursruwlrq +￿J, ri wkh ￿uvw shulrg frkruw ohdyhv wkh
pdunhw dqg ￿+? qhz sdwlhqwv hqwhu1 Rog sdwlhqwv kdyh h{shulhqfhg wkh vhuylfh
dfwxdoo| surylghg e| wkh sudfwlfh wkh| mrlqhg lq wkh ￿uvw shulrg1 Wkh| qrz
hydoxdwh wkh txdolw| ri wkdw JS fruuhfwo|1 Wkh| gr qrw dftxluh dq| ixuwkhu
lqirupdwlrq derxw wkh txdolw| ri wkh JS wkh| glg qrw fkrrvh15 Rog sdwlhqwv
zkr ghflgh wr fkdqjh wr JS ￿ lqfxu d vzlwfklqj frvw ri r￿1 Lqlwldoo| zh dvvxph
wkdw vzlwfklqj frvwv duh wkh vdph iru erwk sudfwlfhv dqg uhod{ wklv dvvxpswlrq
lq Vhfwlrq 8161
Lq shulrg 5 rog sdwlhqwv pxvw ghflgh zkhwkhu wr vzlwfk JSv1 Li dq rog
sdwlhqw ruljlqdoo| xqghuhvwlpdwhg wkh txdolw| ri klv fxuuhqw JS kh zloo qrw
vzlwfk zkhq rog1 Kh kdv qrz uhylvhg wkh hvwlpdwh ri wkh txdolw| ri wkh
sudfwlfh fkrvhq xszdug dqg kdv qrw fkdqjhg klv hvwlpdwh ri wkh txdolw| ri
wkh rwkhu JS1 Rqo| wkrvh sdwlhqwv zkr ryhuhvwlpdwhg wkh txdolw| ri wkhlu JS
zkhq |rxqj zloo frqvlghu vzlwfklqj wr dqrwkhu JS1 Sdwlhqwv lq jurxsv 2 dqg
e zkr fkrvh JS E zkhq |rxqj qhyhu vzlwfk wr JS D zkhq rog ehfdxvh wkh|
uhylvh wkhlu hvwlpdwh ri wkh txdolw| ri JS E xszdug1 Vlploduo|/ sdwlhqwv lq
jurxs ￿ dqg e zkr fkrvh JS D zkhq |rxqj qhyhu vzlwfk wr JS E1
Iru d sdwlhqw zkr ryhuhvwlpdwhg wkh txdolw| ri klv fkrvhq JS ￿ wkh shu0
fhlyhg jdlq iurp sudfwlfh ￿ frpsduhg zlwk sudfwlfh ￿ idoov e| e￿ ￿ r￿ Kh kdv
uhylvhg klv hvwlpdwh ri wkh txdolw| ri sudfwlfh ￿ grzqzdug e| e￿ e x wl ik h
pryhv wr ￿ kh lqfxuv d vzlwfklqj frvw r￿1 D sdwlhqw zkr zdv mxvw lqgl￿huhqw
ehwzhhq wkh wzr sudfwlfhv zloo vzlwfk surylghg wkdw e￿ ￿ r￿ : f1 Zh dvvxph
wkdw vzlwfklqj frvwv duh ohvv wkdq wkh huuru sdudphwhu vr wkdw vrph rog sd0
wlhqwv zkr ryhuhvwlpdwhg wkh txdolw| ri wkhlu fkrvhq JS zloo vzlwfk lq wkh
vhfrqg shulrg1 Rwkhu sdwlhqwv zkr ryhuhvwlpdwhg wkh txdolw| ri wkhlu JS
pd| vzlwfk exw zloo kdyh kdg d srvlwlyh suhihuhqfh iru wkh JS fkrvhq ehfdxvh
wkh| duh forvhu wr wkh sudfwlfh1 Wkh| zloo vzlwfk li wkh| duh qrw wrr idu iurp
wkh rwkhu JS1
5Wkh dvvxpswlrq lv d vlpsoh wudfwdeoh fdvh ri wkh pruh jhqhudo dqg sodxvleoh dvvxpswlrq
wkdw sdwlhqwv ohduq pruh derxw wkh txdolw| ri wkhlu fxuuhqw JS wkdq wkh rwkhu JS1
:Frqvlghu/ iru h{dpsoh/ rog jurxs ￿ sdwlhqwv ri JS ￿1 Wkh| qrz nqrz
wkdw wkh| zloo kdyh d xwlolw| iurp JS ￿ ri on^￿￿|_ dqg shufhlyh wkh xwlolw|
iurp JS ￿/ qhw ri wkh frvw ri vzlwfklqj/ dv on^￿ ne￿ ￿r￿ ￿|E￿￿_￿1 Rqo|




￿ ￿ e￿ n r￿
2|
￿B ￿ +8,
zloo vzlwfk wr JS ￿1 Vlqfh JS ￿ kdg doo ri jurxs ￿ zkrvh glvwdqfh zdv qr




￿ ￿ ri khu jurxs ￿ r o gs d w l h q w vw rJ S
￿1
JS ￿ zloo dovr orvh vrph ri khu rog jurxs ￿ sdwlhqwv zkr ryhuhvwlpdwhg
khu txdolw| dqg eholhyh wkdw wkh lqfuhdvh lq txdolw|/ qhw ri dq| fkdqjh lq
glvwdqfh frvw/ iurp vzlwfklqj wr JS ￿ rxwzhljkv wkh frvw ri vzlwfklqj= ￿ ^￿ ￿




￿ n e￿ ￿ r￿
2|
:B ￿ +9,
vr wkdw wkh| duh forvh hqrxjk wr JS ￿ wr pdnh d vzlwfk zruwk zkloh1 Vlqfh
JS ￿ kdg doo jurxs ￿ sdwlhqwv iru zkrp _:B ￿ wkh qxpehu ri rog jurxs ￿





Surfhhglqj vlploduo| iru wkh sdwlhqwv lq jurxs 5 zkr fkrvh JS ￿ dqg wkh
sdwlhqwv lq jurxs 6 zkr fkrvh JS ￿ zh jhw Wdeoh 6 zklfk vkrzv wkh qxpehu
ri rog sdwlhqwv zkr vzlwfk lq dqg rxw lq hdfk jurxs1 Ri wkh jurxs 2 sdwlhqwv
rqo| wkrvh sdwlhqwv zkr fkrvh JS ￿ frqvlghu vzlwfklqj zkhq rog1 Wkrvh
zlwk _ 5 EB
￿￿
2 cB 2￿ zloo vzlwfk/ zkhuh B
￿￿
2 ’E ￿ n e￿ n r￿￿*2|￿ Ri wkh jurxs
￿ sdwlhqwv rqo| wkrvh zkr fkrvh JS ￿ frqvlghu vzlwfklqj dqg wkrvh zkr gr
vzlwfk kdyh _ 5 EB￿cB
￿￿
￿ ￿ zkhuh B
￿￿
￿ ’E ￿ ￿ e￿ ￿ r￿￿*2|￿
Dgglqj wkh sursruwlrq ri rog sdwlhqwv zkr vzlwfk lq E7￿￿￿ dqg ghgxfwlqj
wkh sursruwlrq ri wkrvh zkr vzlwfk rxw E7￿￿￿ wr wkh lqvwdoohg edvh EE￿ ￿
￿J￿(￿
￿ ￿ jlyhv wkh ghpdqg iru JS ￿ iurp rog sdwlhqwv dv
(
￿J





















Qrwh wkh h￿hfwv ri huuruv dqg vzlwfklqj frvwv rq wkh ghpdqg iru JS ￿
iurp rog sdwlhqwv=
+d, lqfuhdvhv lq wkh huuru sdudphwhu e￿ lqfuhdvh wkh qxpehu vzlwfklqj lqwr
w k ho l v wr iJ S￿
;+e, lqfuhdvhv lq wkh frvw ri vzlwfklqj wr JS ￿ uhgxfh ghpdqg iurp rog
sdwlhqwv1
Wkxv/ dv zh zloo vhh lq vhfwlrq 8/ hdfk JS kdv dq lqfhqwlyh wr uhgxfh wkh
frvwv ri sdwlhqwv vzlwfklqj lq dqg wr surylgh lqirupdwlrq wr uhgxfh sdwlhqw
huuruv derxw khu sudfwlfh1
Wkh qhz |rxqj sdwlhqwv lq shulrg 5 ehkdyh lq wkh vdph zd| dv wkh |rxqj
sdwlhqwv lq shulrg 41 Vlqfh txdolw| lv wkh vdph lq wkh wzr shulrgv ghpdqg
iurp |rxqj sdwlhqwv iru JS ￿ lq shulrg 5 lv jlyhq e| ￿+(￿
￿ 1 Dgglqj +:, jlyhv


















Wkh ghpdqg iru JS ￿ lv (￿




Wkh QKV lv d uhjxodwhg pdunhw zkhuh wkh wd{ ￿qdqfhg fdslwdwlrq ihh ER￿ shu
sdwlhqw rq wkh JS*v olvw lv vhw e| wkh jryhuqphqw dqg sdwlhqwv idfh d }hur
sulfh iru mrlqlqj d sudfwlfh olvw1 Txdolw| lv wkh rqo| zd| lq zklfk JSv fdq
frpshwh iru sdwlhqwv1 Wkh uhjxodwru fdqqrw frqwuro txdolw| gluhfwo| dqg zh
duh lqwhuhvwhg lq wkh h{whqw wr zklfk kh fdq lq xhqfh lw lqgluhfwo| yld wkh
uhjxodwhg fdslwdwlrq ihh1
JSv kdyh lghqwlfdo frvw ixqfwlrqv dqg lqfxu d frqvwdqw xqlw frvw shu sd0
wlhqw lq hdfk shulrg ri S1 Sudfwlfhv pdnh dq lqyhvwphqw lq txdolw| dw d frvw
ri q^2 ehiruh wkh |rxqj sdwlhqwv lq shulrg 4 ghflgh zklfk sudfwlfh wr mrlq1
Sudfwlfh txdolw| lv frqvwdqw ryhu wkh wzr shulrgv dqg lv dq h{foxgdeoh sxeolf
jrrg lq wkdw lwv frvw lv lqghshqghqw ri wkh qxpehu ri sudfwlfh sdwlhqwv1 H{0
dpsohv duh lqyhvwphqw e| wkh JS lq d frpsxwhu v|vwhp iru sdwlhqw uhfrugv
ru jrrg sudfwlfh idflolwlhv ru lq xqghujrlqj wudlqlqj +iru h{dpsoh lq plqru
vxujhu|,1
Wkh glvfrxqwhg h{shfwhg sur￿w ri JS ￿ lv
T






￿ n s +<,
zkhuh & 5 Efc￿o lv wkh glvfrxqw idfwru rq ixwxuh hduqlqjv dqg s lv uhpxqhu0
dwlrq zklfk grhv qrw ydu| zlwk wkh qxpehu ri sdwlhqwv16 Zh dvvxph wkdw s
6Lq wkh QKV wkhvh lqfoxgh sd|phqwv uhodwhg wr wkh djh ri wkh JS dqg wkh wudlqlqj
vwdwxv ri wkh sudfwlfh1
<lv dozd|v odujh hqrxjk wr hqvxuh qrq0qhjdwlyh T ￿ vr wkdw wkh JSv duh dozd|v
zloolqj wr sduwlflsdwh1
Grfwruv wdnh wkhlu frpshwlwru*v fkrlfhv dv jlyhq dqg qrq0frrshudwlyho|
pd{lpl}h h{shfwhg glvfrxqwhg sur￿w e| wkhlu lqyhvwphqw lq txdolw| dw wkh
ehjlqqlqj ri shulrg 41 Zh frqvlghu rqo| sxuh vwudwhj| Qdvk htxloleuld dqg/
vlqfh wkh JSv kdyh lghqwlfdo suhihuhqfhv/ frvw dqg ghpdqg ixqfwlrqv/ orrn iru
d v|pphwulf vroxwlrq1 Wkh reylrxv zd| wr surfhhg lv vhw wkh sduwldo ghulydwlyh
ri T ￿E^￿c^ ￿￿ zlwk uhvshfw wr ^￿ htxdo wr }hur/ lpsrvh ^￿ ’ ^￿ dqg vroyh iru wkh
htxloleulxp txdolw| ￿ ^1 Surylghg wkdw T ￿E￿ ^c￿ ^￿ :T￿E^￿c ￿ ^￿ iru doo ^￿ 9’￿ ^/d q g
dqdorjrxvo| iru JS ￿/ wkh surfhgxuh zrxog |lhog wkh xqltxh v|pphwulf Qdvk
htxloleulxp ￿ ^1 Xqiruwxqdwho| hvwdeolvklqj wkdw T ￿E￿ ^c￿ ^￿ :T￿E^￿c ￿ ^￿ iru doo
^￿ 9’￿ ^/ dqg dqdorjrxvo| iru JS ￿/ lv qrw vwudljkwiruzdug ghvslwh wkh dssduhqw
vlpsolflw| ri wkh ghpdqg ixqfwlrqv dqg wkh frqyh{lw| ri frvw lq txdolw|1 Wkh
ghpdqg ixqfwlrqv duh slhfhzlvh olqhdu lq txdolw| vr wkdw wkh pdujlqdo uhyhqxh
iurp txdolw| lv d vwhs ixqfwlrq1 Zruvh/ pdujlqdo uhyhqxh frxog eh vwhszlvh
lqfuhdvlqj dqg wkhq vwhszlvh ghfuhdvlqj/ vr wkdw wkh remhfwlyh ixqfwlrq lv qrw
frqfdyh lq txdolw|1
Vxssrvh wkdw zkhq ^￿ ’￿ ^ dqg JS ￿ vhwv ^￿ ’f / vkh jhwv qr |rxqj
sdwlhqwv/ hyhq iurp jurxs 5 sdwlhqwv zkr ryhuhvwlpdwh khu txdolw| dqg xq0
ghuhvwlpdwh wkh txdolw| ri JS ￿1 Khqfh @￿￿ ^ ￿ ￿ e ￿ | zkhuh ￿ e ’ @ n6￿ ^/v r
wkdw hyhq jurxs 5 sdwlhqwv iru zkrp _ ’fsuhihu JS ￿1D vJ S￿ udlvhv khu
txdolw| deryh }hur zlwk ^￿ ’￿ ^ vkh dw ￿uvw kdv qr sdwlhqwv exw ixuwkhu lqfuhdvh
lq ^￿ hqdeoh khu wr fdswxuh vrph ri wkh |rxqj jurxs 5 sdwlhqwv zkr ryhu0
hvwlpdwh khu txdolw| dqg xqghuhvwlpdwh wkh txdolw| ri JS ￿1 Khu pdujlqdo
uhyhqxh lqfuhdvhv glvfrqwlqxrxvo| dw wklv srlqw1 Lqfuhdvhv lq txdolw| hqdeoh
khu vwduw fdswxulqj |rxqj sdwlhqwv iurp jurxsv 4 dqg 7 zkr pdnh r￿vhwwlqj
huuruv1 Khu pdujlqdo uhyhqxh vwhsv xs djdlq1 Dv txdolw| lqfuhdvhv ixuwkhu vkh
lv deoh wr vhuyh vrph ri wkh jurxs 6 sdwlhqwv zkr xqghuhvwlpdwh khu txdolw|
dqg ryhuhvwlpdwh ^￿1 Pdujlqdo uhyhqxh lv qrz dw lwv pd{lpxp vlqfh vkh
jdlqv sdwlhqwv lq doo irxu jurxsv dv ^￿ lqfuhdvhv1 Hyhqwxdoo| vkh zloo kdyh doo
wkh sdwlhqwv lq jurxs 5 dqg pdujlqdo uhyhqxh zloo gurs glvfrqwlqxrxvo|1 Dv
khu txdolw| lqfuhdvhv ixuwkhu vkh zloo jdlq doo wkh frqvxphuv lq jurxsv 4 dqg
7/ ohdglqj wr d ixuwkhu gurs lq pdujlqdo uhyhqxh1 Ilqdoo| vkh fdswxuhv doo wkh
jurxs 6 dqg khu pdujlqdo uhyhqxh gursv wr }hur1 Wkxv wkh pdujlqdo uhyhqxh
iurp |rxqj frqvxphuv lv vwhszlvh lqfuhdvlqj dqg wkhq ghfuhdvlqj dqg wkhlu
ghpdqg ixqfwlrq kdv d slhfhzlvh olqhdu ￿V￿ vkdsh1 Doorzlqj iru wkh h￿hfw ri
txdolw| rq wkh qxpehuv ri rog sdwlhqwv frpsolfdwhv wkh vwru| exw |lhogv wkh
vdph frqfoxvlrq1
Wr dyrlg wkh frpsolfdwlrqv uhvxowlqj iurp wkh qrq0frqfdylw| ri wkh JS
remhfwlyh ixqfwlrqv zh sodfh uhvwulfwlrqv rq wkh sdudphwhuv ri wkh prgho1
Wkhvh hqvxuh wkdw wkh pdujlqdo uhyhqxh ixqfwlrq kdv rqo| grzqzdug vwhsv
43vr wkdw T ￿E^￿c ￿ ^￿ lv frqfdyh lq ￿ ^dqg wkh v|pphwulf vroxwlrq lv wkh rqo| Qdvk
htxloleulxp1












n￿+￿o surylghg wkdw wkh xqltxhqhvv frqglwlrq
|:￿ ^E￿ n 6￿n2 @ lv vdwlv￿hg1
Surri1 +Vnhwfk, Wkh txdolw| ￿ ^ gh￿qhg e| T ￿
^￿E￿ ^c￿ ^￿ ￿ fc^ ￿ ￿ fcT￿
^￿E￿ ^c￿ ^￿^￿ ’
fc￿’ ￿c￿ lv wkh rqo| Qdvk htxloleulxp li T ￿ lv vwulfwo| frqfdyh lq ^￿1 Wkh
xqltxhqvv frqglwlrq |:￿ ^E￿ n 6￿n2 @ ’￿ ^ n￿ e n @ phdqv wkdw JS ￿ kdv
|rxqj sdwlhqwv lq jurxs 6 zkr xqghuhvwlpdwh khu txdolw| dqg ryhuhvwlpdwh
wkh txdolw| ri JS ￿ hyhq zkhq ^￿ ’f 1 Khqfh/ vkh kdv |rxqj sdwlhqwv lq
doo jurxsv dw ^￿ ’f 1 Wkh rog jurxs ri sdwlhqwv zkr ydoxh khu vhuylfhv ohdvw
dqg duh wkhuhiruh wkh ￿uvw wr eh prqrsrolvhg e| wkh JS ￿ duh wkrvh lq jurxs
4 zkr fkrvh khu sudfwlfh zkhq |rxqj1 Dw ^￿ ’fJS ￿ zloo uhwdlq vrph
ri wklv jurxs/ zkr qrz fruuhfwo| shufhlyh khu txdolw| exw vwloo ryhuhvwlpdwh
^￿/ surylghg wkdw o:￿ ^ n￿ e ￿ | ￿ r￿ zklfk lv lpsolhg e| wkh xqltxhqvv
frqglwlrq1 Khqfh li wkh xqltxhqhvv frqglwlrq lv vdwlvwl￿hg JS ￿ zloo kdyh
sdwlhqwv iurp doo jurxsv/ |rxqj dqg rog/ dqg khu pdujlqdo uhyhqxh iurp
txdolw| lqfuhdvhv lv frqvwdqw xqwlo vkh vwduwv wr prqrsrolvh jurxsv/ dw zklfk
srlqwv pdujlqdo uhyhqxh lv glvfrqwlqxrxv grzqzdug1 Wkh vdph dujxphqw
dssolhv wr JS ￿1 Wkxv erwk JSv kdyh lghqwlfdo remhfwlyh ixqfwlrqv zklfk
duh vwulfwo| frqfdyh lq wkhlu rzq txdolw|1 Wkh xqltxhqhvv frqglwlrq fdq eh
zulwwhq dv wkh uhtxluhphqw wkdw d txdgudwlf ixqfwlrq ME|￿ lv srvlwlyh1 Lw lv
hdv| wr vkrz wkdw ME|￿ lv frqyh{ dqg dfklhyhv d plqlpxp dw | ’ @ zlwk
ME@￿ ￿ f1 Khqfh wkhuh h{lvwv d |￿ :@vxfk wkdw M:f iru |:| ￿ dqg wkh
xqltxhqhvv frqglwlrq lv vdwlv￿hg1
615 Frpsdudwlyh vwdwlfv
Wkh frpsdudwlyh vwdwlf surshuwlhv ri wkh uhjxodwhg htxloleulxp duh vwudljkw0
iruzdugo| ghulyhg iurp +43,
Sursrvlwlrq 5 Wkh uhjxodwhg htxloleulxp txdolw| lv lqfuhdvlqj lq wkh sursru0
wlrq ri sdwlhqwv zkr hqwhu wkh pdunhw lq wkh vhfrqg shulrg E￿+￿/ wkh glvfrxqw
idfwru E&￿/ dqg ghfuhdvlqj lq wkh sursruwlrq ri sdwlhqwv zkr ohdyh wkh pdunhw
diwhu wkh ￿uvw shulrg E￿J￿/ wkh frvw ri txdolw| +q,/ glvwdqfh frvwv E|￿/ dqg wkh
44pxowlsolfdwlyh huuru E6￿1 Dgglwlyh huuruv E@￿ dqg vzlwfklqj frvwv Er￿ kdyh qr
h￿hfw rq txdolw|1
Vzlwfklqj frvwv Er￿ dqg dgglwlyh huuruv E@￿ kdyh qr h￿hfw rq htxloleulxp
txdolw|1 Wkh| hqwhu dgglwlyho| lqwr JSv* ghpdqg ixqfwlrqv dqg duh htxdo iru
wkh wzr JSv dqg wkhuhiruh r￿vhwwlqj1 Wkh| gr qrw lqwhudfw zlwk txdolw| dqg
gr qrw d￿hfw wkh pdujlqdo uhyhqxh iurp txdolw| fkdqjhv dqg vr kdyh qr h￿hfw
rq wkh sur￿w pd{lpl}lqj txdolw|1
Li wkh huuruv zklfk sdwlhqwv pdnh lq mxgjlqj txdolw| duh pxowlsolfdwlyh
wkh htxloleulxp lv d￿hfwhg e| sdwlhqw plvshufhswlrqv= pxowlsolfdwlyh huuruv
uhgxfh wkh htxloleulxp txdolw| iru dq| jlyhq fdslwdwlrq ihh1 Txdolw| lv orzhu
hyhq wkrxjk/ rq dyhudjh/ sdwlhqwv hvwlpdwh txdolw| fruuhfwo| ehiruh wkh| kdyh
mrlqhg d sudfwlfh dqg fdq revhuyh txdolw| shuihfwo| diwhu h{shulhqflqj lw1 Wkh
juhdwhu wkh huuru wkh pruh olnho| duh rog sdwlhqwv wr vzlwfk wr wkh rwkhu JS
+vhh +:,,1 Vlqfh kljkhu txdolw| ohdgv wr juhdwhu huuruv wkh jdlq wr d JS iurp
lqfuhdvlqj txdolw| lv uhgxfhg1
Txdolw| lqfuhdvhv zlwk wkh vl}h ri wkh wrwdo srsxodwlrq ri frqvxphuv/ sd0
udphwhulvhg e| ?1 Wkh frvw ri txdolw| lv lqghshqghqw ri wkh qxpehu ri sdwlhqwv
exw pdujlqdo uhyhqxh iurp txdolw| lqfuhdvhv zlwk ?1 Zkhq wkhuh duh pxo0
wlsolfdwlyh huuruv htxloleulxp txdolw| dovr ghshqgv rq wkh pl{ ri |rxqj dqg
rog sdwlhqwv vlqfh wkh ghpdqg iurp rog sdwlhqwv ghshqgv rq wkh huuru dqg
wkh huuru lqfuhdvhv zlwk txdolw|1 Lqfuhdvlqj wkh sursruwlrq ri rog sdwlhqwv
E￿￿￿J￿ uhgxfhv txdolw| ehfdxvh ghpdqg iurp |rxqj sdwlhqwv lv lqghshqghqw
ri txdolw|1
Txdolw| lv dovr orzhu wkh pruh frqvxphuv fduh derxw wkhlu glvwdqfh iurp
wkh sudfwlfh lh wkh odujhu lv wkhlu glvwdqfh frvw sdudphwhu |1 D kljkhu |
phdqv wkdw sdwlhqwv sodfh pruh zhljkw rq orfdwlrq uhodwlyh wr txdolw| zkhq
frpsdulqj sudfwlfhv/ wkhuhe| uhgxflqj sudfwlfhv* lqfhqwlyhv wr frpshwh yld
txdolw|1
616 Lqfhqwlyh h￿hfwv ri fdslwdwlrq
Zh fdq dovr xvh +43, wr lqyhvwljdwh wkh dujxphqwv derxw wkh lpsolfdwlrqv
ri lpshuihfw lqirupdwlrq dqg vzlwfklqj frvwv rq wkh delolw| ri d uhjxodwru wr
lq xhqfh txdolw| e| udlvlqj wkh fdslwdwlrq ihh1
Sursrvlwlrq 6 Lqfuhdvhv lq wkh fdslwdwlrq ihh lqfuhdvh txdolw|1 Wkh pdujlqdo
h￿hfw ri wkh fdslwdwlrq ihh rq htxloleulxp txdolw| ghfuhdvhv zlwk pxowlsolfd0
wlyh huuru +6,/ glvwdqfh frvw +|,/ wkh pdujlqdo frvw ri txdolw| +q,/ dqg wkh
sursruwlrq ri sdwlhqwv ohdylqj wkh pdunhw diwhu wkh ￿uvw shulrg +￿J,/ lqfuhdvhv
zlwk wkh vl}h ri wkh srsxodwlrq +?,/ wkh surylghu glvfrxqw idfwru +&, dqg wkh
45sursruwlrq ri qhz sdwlhqwv hqwhulqj wkh pdunhw +￿+,/ dqg lv xqd￿hfwhg e|
dgglwlyh huuruv dqg vzlwfklqj frvwv1
Lqfuhdvlqj fdslwdwlrq ihhv wr pdnh sdwlhqwv pruh ydoxdeoh iru sudfwlfhv
grhv lqghhg ohdg wr kljkhu txdolw| hyhq zkhq sdwlhqwv dovr fduh derxw glv0
wdqfh/ duh lpshuihfw mxgjhv ri txdolw| dqg idfh frvwv lq vzlwfklqj zkhq wkh|
ehfrph ehwwhu lqiruphg1 Krzhyhu/ wkh srvlwlyh lpsdfw ri wkh ihh rq txdo0
lw| lv d￿hfwhg e| glvwdqfh frvwv dqg pxowlsolfdwlyh huuruv vr wkdw d kljkhu
fdslwdwlrq ihh lv qhfhvvdu| iru dq| uhtxluhg ohyho ri txdolw|1
Rqh pljkw h{shfw wkdw lqfuhdvhv lq wkh fdslwdwlrq ihh zrxog lqfuhdvh sudf0
wlfh sur￿w dqg wkxv hdvh wkh sduwlflsdwlrq frqvwudlqw ￿ T ￿ ￿ f1 Lq idfw vxevwl0
wxwlqj wkh htxloleulxp txdolw| ￿ ^ERc￿￿ lqwr T ￿ vkrzv wkdw glvfrxqwhg sudfwlfh
sur￿w lv txdgudwlf lq R dqg lv ghfuhdvlqj iru vx!flhqwo| kljk fdslwdwlrq ihh1
Wkh dssduhqw h{fhswlrq wr wkh hqyhorsh wkhruhp dulvhv ehfdxvh dowkrxjk wkh
fdslwdwlrq ihh lqfuhdvhv T ￿ iru jlyhq ^￿ lw dovr lqgxfhv wkh rwkhu sudfwlfh wr
lqfuhdvh lwv txdolw| dqg lqfuhdvhv lq ^￿ uhgxfh T ￿1
7 Zhoiduh
Wkh zhoiduh ixqfwlrq lv
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zkhuh A lv wkh dyhudjh sdwlhqw glvwdqfh dqg vzlwfklqj frvw +wr eh ghulyhg
vkruwo|, dqg b lv wkh pdujlqdo ghdgzhljkw orvv iurp wkh wd{dwlrq uhtxluhg wr
￿qdqfh sd|phqwv wr JSv1 Zhoiduh lv wkh vxp ri sdwlhqwv* vxusoxvhv dqg JSv*
sur￿wv ohvv wkh frvw ri wd{hv ohylhg wr ￿qdqfh sd|phqwv wr JSv1 Htxlydohqwo|/
vlqfh dq| sd|phqwv wr grfwruv duh h{dfwo| r￿vhw e| sd|phqwv e| wd{sd|huv/
zhoiduh lv wkh vxp ri sdwlhqwv* zloolqjqhvv wr sd| iru wkh txdolw| ri vhuylfh
uhfhlyhg ohvv wkhlu glvwdqfh dqg vzlwfklqj frvwv/ wkh frvwv ri surylglqj wkh
vhuylfh dqg ri wd{ ￿qdqflqj wkh sd|phqwv wr surylghuv1
Wkh zhoiduh ixqfwlrq lv sdwhuqdolvwlf lq wkdw zhoiduh lv dvvxphg wr ghshqg
rq dfwxdo uhdolvhg sdwlhqwv ehqh￿wv/ qrw wkhlu shufhlyhg ehqh￿wv1 Lw dovr lp0
solhv wkdw lqglylgxdov duh qrw frqvlghuhg wkh ehvw mxgjhv ri wkhlu rzq zhoiduh
ehfdxvh ri wkhlu plvwdnhq eholhiv1
Vlqfh wkh htxloleulxp lv v|pphwulf zlwk JSv wdnlqj wkh vdph ghflvlrqv
dqg zh duh lqwhuhvwhg lq uhjxodwlrq ri wkrvh ghflvlrqv zh hydoxdwh wkh zhoiduh
ixqfwlrq dw ^￿ ’ ^￿ ’ ^1 Vlqfh wkh pdunhw lv dozd|v fryhuhg vr wkdw hyhu|
46sdwlhqw mrlqv d olvw wkh wrwdo jurvv ehqh￿w wr |rxqj dqg rog jhqhudwlrqv lv
?d￿ n &E￿ ￿ ￿J n ￿+￿o^/7 zkhuh & lv wkh vrfldo glvfrxqw idfwru1
714 Glvwdqfh/ huuru dqg vzlwfklqj frvwv
Sdwlhqwv lqfxu glvwdqfh frvwv dqg vrph ri wkhp dovr lqfxu vzlwfklqj frvwv1
Wkhvh frvwv gl￿hu zlwk wkh huuruv pdgh e| sdwlhqwv dqg zlwk wkhlu jhqhudwlrq1
Sdwlhqwv lq jurxs ￿ ryhuhvwlpdwh wkh txdolw| ri erwk JSv1 Wkhuh duh wzr
vxejurxsv gh￿qhg e| wkh JS fkrvhq1 Zkhq wkh| duh rog dqg kdyh dftxluhg
ehwwhu lqirupdwlrq derxw wkh txdolw| ri wkhlu fxuuhqw JS vrph ri wkhp vzlwfk
wr wkh rwkhu JS lq shulrg 51 Wkhuh duh irxu vxejurxsv ri rog jurxs ￿ sdwlhqwv
gh￿qhg e| wkh JS fkrvhq zkhq |rxqj dqg zkhwkhu wkh sdwlhqw vwd|v ru
vzlwfkhv wr wkh rwkhu JS1
Sdwlhqwv lq jurxs 2 ryhuhvwlpdwh wkh txdolw| ri JS ￿ dqg xqghuhvwlpdwh
wkh txdolw| ri JS ￿ zkhq wkh| duh |rxqj1 Wkhlu fkrlfh ri sudfwlfh gh￿qhv wzr
|rxqj vxejurxsv1 Zkhq wkh| duh rog dqg kdyh dftxluhg lqirupdwlrq derxw
wkh txdolw| ri wkh sudfwlfh fkrvhq wkrvh zkr fkrvh JS ￿ dqg ryhuhvwlpdwhg
khu txdolw| pd| ghflgh wr vzlwfk wr JS ￿1 Wkrvh zkr fkrvh JS ￿ qhyhu
vzlwfk ehfdxvh wkh| uhylvh xszdug wkhlu eholhiv derxw khu txdolw|1 Wkhuh
duh wkuhh rog vxejurxsv= wkrvh zkr vwd| zlwk sudfwlfh ￿/ wkrvh zkr pryh
wr sudfwlfh ￿ dqg wkrvh zkr vwd| zlwk sudfwlfh 21 Vlploduo| wkhuh duh ￿yh
vxevhwv ri |rxqj dqg rog jurxs ￿ sdwlhqwv1
Jurxs e sdwlhqwv xqghuhvwlpdwh wkh txdolwlhv ri erwk JSv zkhq |rxqj1
Vlqfh wkh| uhylvh wkhlu eholhiv derxw wkh txdolw| ri wkh fkrvhq sudfwlfh xszdug
dqg gr qrw fkdqjh wkhlu eholhiv derxw wkh txdolw| ri wkh rwkhu sudfwlfh qrqh
ri wkhp vzlwfk zkhq rog1 Wkhuh duh wzr vxejurxsv ri |rxqj dqg rog sdwlhqwv
gh￿qhg e| wkhlu fkrlfh ri sudfwlfh1
Wkh frvwv lqfxuuhg e| sdwlhqwv zkr duh |rxqj lq wkh ￿uvw dqg vhfrqg














7Sdwlhqwv jhw xwlolw| ri u .t iurp wkhlu sudfwlfh +jurvv ri glvwdqfh frvwv, exw vlqfh u lv
frqvwdqw dqg sdwlhqwv dozd|v mrlq vrph olvw/ zh ljqruh lw lq wkh zhoiduh dqdo|vlv ri txdolw|
ohyhov1
8Wkh ghwdlov ri wkh ghulydwlrq ri wkh glvwdqfh dqg vzlwfklqj frvwv iru wkh ydulrxv jurxsv
ri |rxqj dqg rog sdwlhqwv duh lq wkh dsshqgl{

















Wkh ￿uvw whup lqvlgh wkh vtxduh eudfnhwv lq hdfk htxdwlrq lv wkh glvwdqfh frvw
zklfk zrxog eh lqfxuuhg li wkhuh zdv shuihfw lqirupdwlrq= sdwlhqwv ri hdfk
jhqhudwlrq zrxog fkrrvh fruuhfwo| dqg zrxog rq dyhudjh eh orfdwhg ￿*e xqlwv
ri glvwdqfh dzd| iurp wkhlu fkrvhq sudfwlfh dqg lqfxu dyhudjh glvwdqfh frvwv
ri |*e1
Wkh vhfrqg whupv duh wkh zhoiduh orvvhv dulvlqj iurp srru lqirupdwlrq1
Vrph sdwlhqwv fkrrvh wkh zurqj JS dqg lqfxu wrr juhdw d glvwdqfh frvw1
Wkhvh plvpdwfk frvwv lqfuhdvh zlwk wkh huuruv pdgh e| sdwlhqwv1 Wkh| dovr
lqfuhdvh zlwk wkh vzlwfklqj frvwv ri rog sdwlhqwv zklfk suhyhqw vrph rog
sdwlhqwv vzlwfklqj wr d JS zlwk vpdoohu glvwdqfh frvwv1 Wkh wklug whp lq AJ lv
wkh frvw ri vzlwfklqj= wkh sursruwlrq ri rog sdwlhqwv vzlwfklqj pxowlsolhg e|
wkh frvw shu vzlwfk1
Dgglqj xs wkh frvwv ri |rxqj dqg rog sdwlhqwv jlyhv wkh wrwdo shu fdslwd
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715 Frvwo| vzlwfklqj dqg zhoiduh
Wkh delolw| ri sdwlhqwv wr vzlwfk JSv kdv gl￿huhqw h￿hfwv rq wkh zhoiduh ri
gl￿huhqw sdwlhqw jurxsv1 Jurxs ￿ sdwlhqwv zkr ryhuhvwlpdwh wkh txdolw| ri
erwk JSv duh pdgh zruvh r￿ e| wkh delolw| wr vzlwfk1 Vlqfh wkhlu lqlwldo
huuruv zhuh r￿vhwwlqj wkh| fkrvh wkh fruuhfw sudfwlfh zkhq |rxqj1 Dftxlulqj
shuihfw lqirupdwlrq derxw wkhlu fkrvhq sudfwlfh ohdgv wkhp wr uhylvh wkhlu
txdolw| hvwlpdwh grzqzdug dqg vrph ri wkhp lqfxu vzlwfklqj frvwv wr vzlwfk
wr wkh rwkhu sudfwlfh1 Jlyhq wkdw wkh| kdyh ryhuhvwlpdwhg wkh txdolw| ri wkh
JS wkh| vzlwfk wr/ wkh| fkrrvh wkh zurqj JS dqg lqfxu xqqhfhvvdu| glvwdqfh
dqg vzlwfklqj frvwv1
Jurxs 2 dqg ￿ sdwlhqwv kdyh uhlqiruflqj udwkhu wkdq r￿vhwwlqj huuruv= wkh|
ryhuhvwlpdwh rqh JS*v txdolw| dqg xqghuhvwlpdwh wkh rwkhu JS*v1 Wkrvh zkr
fkrvh wkh sudfwlfh zkrvh txdolw| wkh| ryhuhvwlpdwhg frqvlghu vzlwfklqj zkhq
rog dqg ehwwhu lqiruphg1 Wkrvh zkr gr vzlwfk zloo lq idfw eh ehwwhu r￿
vlqfh wkh dfwxdo txdolw| dw wkh qhz grfwru lv ehwwhu wkdq wkhlu h{shfwdwlrqv1
Lqghhg/ qrw hqrxjk ri wkhp vzlwfk ehfdxvh ri wkhlu xqghuhvwlpdwh ri wkh
txdolw| ri wkh dowhuqdwlyh sudfwlfh1 Wkxv jurxs 2 dqg ￿ sdwlhqwv duh ehwwhu
r￿ li vzlwfklqj lv ihdvleoh dqg qrw wrr frvwo|1
48Jurxs e sdwlhqwv pdnh r￿vhwwlqj xqghuhvwlpdwhv dqg pdnh wkh fruuhfw
fkrlfh ri JS1 Vlqfh wkhlu h{shulhqfh uhlqirufhv wkhlu fkrlfh wkh| qhyhu vzlwfk
dqg khqfh gr qrw jdlq iurp wkh delolw| wr vzlwfk1
Li sdwlhqwv zhuh qrw doorzhg wr vzlwfk rog sdwlhqwv zrxog qrw lqfxu vzlwfk0
lqj frvwv exw zrxog kdyh plvpdwfk frvwv htxdo wr wkrvh iru |rxqj sdwlhqwv=
AJEec4(|￿’A+Ee(|￿1 Frpsdulvrq ri +44, dqg +45, vkrzv wkdw A+Ee(|￿ :
AJEecr(|￿ surylghg wkdw e:r 1 Khqfh zh kdyh
Sursrvlwlrq 7 Vzlwfklqj lv zhoiduh lqfuhdvlqj hyhq wkrxjk lpshuihfw sdwlhqw
lqirupdwlrq ohdgv vrph sdwlhqwv wr vzlwfk d sudfwlfh zklfk lv zruvh iru wkhp1
716 Rswlpdo txdolw|
Wkh uhjxodwru fdqqrw revhuyh txdolw| gluhfwo| exw nqrzv wkh htxloleulxp
txdolw| ixqfwlrq ￿ ^ERc￿￿ dqg fkrrvhv wkh fdslwdwlrq ihh R dqg wkh oxps vxp
sd|phqw s wr pd{lplvh ‘ vxemhfw wr wkh JS sduwlflsdwlrq frqvwudlqw ￿ T ￿ ’
T ￿E￿ ^c ￿ ^￿ ￿ fc￿’ ￿c￿1
Vhwwlqj xs wkh Odjudqjhdq ‘ n￿￿ T ￿ dqg vroylqj wkh ￿uvw rughu frqglwlrqv
jlyhv wkh rswlpdo RW dqg sW1I u r p￿ ^ERWc￿￿ zh kdyh rswlpdo txdolw|
￿ ^
W ’
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Rswlpdo txdolw| lv vpdoohu wkh pruh frvwo| lw lv wr surgxfh +wkh juhdwhu lv
q, dqg wkh juhdwhu wkh pdujlqdo ghdgzhljkw orvv iurp wkh wd{dwlrq uhtxluhg wr
￿qdqfh lwv surgxfwlrq1 Li huuruv duh sxuho| dgglwlyh E6 ’f ￿rswlpdo txdolw| lv
xqd￿hfwhg e| wkh sdwlhqw huuruv/ glvwdqfh frvwv ru vzlwfklqj frvwv1 Krzhyhu/
lq wkh pruh sodxvleoh fdvh lq zklfk huuruv ydu| zlwk wkh ohyho ri txdolw|/ wkh
rswlpdo txdolw| lv d￿hfwhg e| lpshuihfw lqirupdwlrq dqg vzlwfklqj frvwv1
Sursrvlwlrq 8 Rswlpdo txdolw| lv uhgxfhg e| pxowlsolfdwlyh huuru1 Li wkhuh
lv pxowlsolfdwlyh huuru txdolw| lv vpdoohu wkh kljkhu lv vzlwfklqj frvw dqg wkh
vpdoohu lv glvwdqfh frvw
Wkh pdujlqdo vrfldo ehqh￿w iurp dq lqfuhdvh lq txdolw| ghshqgv rq wkh
jdlq wr sdwlhqwv iurp lqfuhdvhg txdolw| dqg wkh pdujlqdo frvw ri surgxflqj
h{wud txdolw|1 Li sdwlhqwv* huuruv ydu| zlwk txdolw|/ d wklug idfwru pxvw eh
wdnhq lqwr dffrxqw= lqfuhdvhv lq txdolw| ohdgv wr odujhu huuruv dqg khqfh
odujhu huuru frvwv1 Khqfh/ wkh juhdwhu wkh pxowlsolfdwlyh huuru sdudphwhu 6/
wkh orzhu lv vrfldoo| rswlpdo txdolw|1 Vzlwfklqj frvwv dovr uhgxfh rswlpdo
49txdolw| zkhq huuruv duh pxowlsolfdwlyh ehfdxvh wkh juhdwhu wkh huuru wkh pruh
sdwlhqwv zkr zloo pdnh frvwo| vzlwfkhv1 Wkh srvlwlyh h￿hfw ri glvwdqfh frvw
rq rswlpdo txdolw| dulvhv ehfdxvh txdolw| ehfrphv uhodwlyho| ohvv lpsruwdqw wr
frqvxphuv lq wkhlu fkrlfh ri sudfwlfh zkhq glvwdqfh frvw lv juhdwhu1 Sudfwlfhv*
lqfhqwlyhv wr lqfuhdvh txdolw| duh uhgxfhg dqg vr lv wkh dprxqw ri huuru pdgh
e| sdwlhqwv1
8 Hqgrjhqrxv huuru dqg vzlwfklqj frvwv
814 Zhoiduh/ huuru dqg vzlwfklqj frvwv
Wkhuh duh zhoiduh jdlqv wr uhgxflqj sdwlhqw huuruv dqg vzlwfklqj frvwv1 Sudf0
wlfhv kdyh dq lqfhqwlyh wr uhgxfh wkh huuruv pdgh e| sdwlhqwv dqg wkh frvwv
wkh| lqfxu lq vzlwfklqj wr wkhp1 Wklv udlvhv wkh txhvwlrq ri zkhwkhu sudfwlfhv
zloo fkrrvh wkh vrfldoo| rswlpdo ohyho ri d frvwo| dfwlylw| zklfk uhgxfhv huuruv
ru vzlwfklqj frvwv zkhq wkh fdslwdwlrq ihh lv vhw dw wkh ohyho zklfk lqgxfhv
rswlpdo txdolw|1
Wr vlpsoli| wkh dqdo|vlv dvvxph wkdw huuruv duh dgglwlyh E6 ’f ￿dqg wkdw
wkhuh lv qr pdujlqdo ghdgzhljkw orvv iurp wd{dwlrqv Eb ’f ￿ 1 Vlqfh ￿ T ￿E￿ ^c ￿ ^￿
lv qrw d￿hfwhg e| wkh dgglwlyh huuru @ ru vzlwfklqj frvwv/ wkh sduwlflsdwlrq
frqvwudlqw lv qhlwkhu uhod{hg ru wljkwhqhg e| fkdqjhv lq @ ru r dqg wkhlu
pdujlqdo vrfldo ydoxh dulvhv vroho| iurp wkhlu h￿hfwv rq wkh shu fdslwd frvwv
ri huuru dqg vzlwfklqj lqfxuuhg e| sdwlhqwv A/ dv jlyhq lq +46,1 Zh kdyh
A@ ’




&E￿ ￿ ￿J￿E@ ￿ r￿
2|
: fc +49,
zkhuh l ’2n&E￿ ￿ ￿J n2 ￿+￿ : f/ dqg Arr ￿ fcA r@ : fcA @@ : f1 Qrw rqo|
duh wkh pdujlqdo ydoxhv ri uhgxfwlrqv lq huuru dqg vzlwfklqj frvwv srvwlyh
exw wkh pdujlqdo ydoxh ri uhgxfwlrqv lq huuruv lv lqfuhdvhv zlwk wkh ohyho ri
vzlwfklqj frvwv dqg ylfh yhuvd1 Zhoiduh lv frqfdyh lq wkh huuru sdudphwhu=
wkh pdujlqdo ydoxh ri huuru uhgxfwlrqv ghfolqhv zlwk wkh huuru1 Krzhyhu ‘
lv frqyh{ lq vzlwfklqj frvwv= wkh pdujlqdo ydoxh ri d uhgxfwlrq lq wkh frvw ri
d vzlwfk lv juhdwhu wkh vpdoohu lv r1 Wkh h{sodqdwlrq lv wkdw wkh dprxqw ri
vzlwfklqj lv odujhu zkhq r lv vpdoohu vr wkdw wrwdo vzlwfklqj frvwv idoo pruh
zlwk d jlyhq uhgxfwlrq lq lq wkh frvw shu vzlwfk1
4:815 Lqirupdwlrq surylvlrq
Zh ￿uvw frqvlghu wkh lqfhqwlyhv ri JSv wr lpsuryh sdwlhqw lqirupdwlrq e|
dgyhuwlvlqj +vd| e| surylglqj sudfwlfh ohd hwv,1 Wkh pdujlqdo ydoxh wr d JS















J￿ER ￿ S￿￿ +4:,
Huuruv e| |rxqj sdwlhqwv duh v|pphwulf= wkh| kdyh qr h￿hfw rq ghpdqg lq
wkh ￿uvw shulrg zkhq doo sdwlhqwv duh |rxqj1 Krzhyhu/ uhgxflqj wkh huuru
pdgh e| wkh rog sdwlhqwv zkhq |rxqj/ pdnhv wkhp ohvv olnho| wr vzlwfk rxw
zkhq rog1 Wkxv wkh jdlq iurp surylglqj ehwwhu lqirupdwlrq ghshqgv rq wkh
qxpehu ri rog sdwlhqwv ?E￿ ￿ ￿J￿1
Vxssrvh wkdw wkh huuru sdudphwhu iru JS ￿ lv @￿ ’ @f ￿ #￿￿ zkhuh ￿￿ lv
h￿ruw lq dgyhuwlvlqj lv fkrvhq e| JSv dw wkh ehjlqqlqj ri wkh ￿uvw shulrg dw d
frvw ri ￿2
￿1 Zh dvvxph wkdw dgyhuwlvlqj fdq eh uhjdughg dv d sxeolf jrrg= wkh
frvwv ri lqiruplqj srwhqwldo sdwlhqwv grhv qrw ydu| zlwk wkh qxpehu lqiruphg1
Ehfdxvh wkh h{shfwhg sur￿w ixqfwlrq lv vhsdudeoh lq dgyhuwlvlqj dqg txdo0
lw|/ wkh ￿uvw rughu frqglwlrqv rq txdolw| dqg dgyhuwlvlqj fdq eh vroyhg lqgh0




ER ￿ S￿E￿ ￿ ￿
J￿ +4;,
Wkh zhoiduh ixqfwlrq lv/ uhphpehulqj wkdw zh dvvxph b ’f /





Xvlqj +48, wkh vrfldoo| rswlpdo ohyho ri dgyhuwlvlqj lv:
￿
W ’
?#i@fl nE ￿￿ ￿J￿r&j
H| n ?#2l
￿ +53,
Wkh rswlpdo ohyho ri dgyhuwlvlqj lv lqfuhdvlqj lq wkh vzlwfklqj frvw vlqfh kljkhu
vzlwfklqj frvwv phdq wkdw huuruv duh pruh frvwo|1
Zlwk sxuho| dgglwlyh huuru dqg qr ghdgzhljkw wd{dwlrq frvwv/ wkh uhj0
xodwru frxog dfklhyh d ￿uvw ehvw ohyho ri txdolw| e| vhwwlqj RW ’ S n | exw
vxevwlwxwlrq lq +4;, dqg frpsdulvrq zlwk +53, vkrzv wkdw
9Y l+tl>k l> a t>a k, lv vwulfwo| frqfdyh lq t dqg k1 dqg Y l
tk @3 1















A 31 Wkxv/ wkh ￿uvw rughu frqglwlrqv duh vx!flhqw
wr gh￿qh d pd{lpxp1
4;Sursrvlwlrq 9 Lw lv lpsrvvleoh wr dfklhyh rswlpdo lqirupdwlrq surylvlrq dqg
txdolw| vroho| e| uhjxodwlqj wkh ihh1
Wkh uhjxodwru fdq udlvh erwk txdolw| dqg wkh dprxqw ri lqirupdwlrq sur0
ylghg e| sudfwlfhv e| lqfuhdvlqj wkh fdslwdwlrq ihh exw vkh zloo uhtxluh dg0
glwlrqdo lqvwuxphqwv wr dfklhyh rswlpdo lqirupdwlrq dqg txdolw|1 Dw wkh ihh
lqgxflqj wkh vrfldoo| rswlpdo txdolw| sudfwlfhv kdyh lqdssursuldwh lqfhqwlyhv
iru lqirupdwlrq surylvlrq1 Frpsdulvrq ri +4;, dqg +53, vkrzv iru h{dpsoh
wkdw JSv zloo wdnh qr dffrxqw ri vzlwfklqj frvwv ru ri wkh huuru frvwv ri |rxqj
sdwlhqwv lq fkrrvlqj wkh dprxqw ri h￿ruw wr sxw lqwr lqiruplqj sdwlhqwv1
D ￿uvw ehvw fdq rqo| eh dfklhyhg li wkh uhjxodwru kdv dq dgglwlrqdo lq0
vwuxphqw wr lq xhqfh wkh ohyho ri lqirupdwlrq surylvlrq1 Iru h{dpsoh/ dv lq
wkh QKV JSv duh uhtxluhg wr surylgh lqirupdwlrq derxw wkhlu sudfwlfhv wr
survshfwlyh sdwlhqwv dqg Khdowk Dxwkrulwlhv dovr surylgh lqirupdwlrq gluhfwo|
wr sdwlhqwv derxw wkh fkdudfwhulvwlfv ri sudfwlfhv lq wkhlu duhdv1
816 Hqgrjhqrxv vzlwfklqj frvwv
Vxssrvh qrz wkdw JSv fdq uhgxfh wkh frvwv ri sdwlhqwv zkr vzlwfk wr wkhp e|
dgglwlrqdo h￿ruw1 Iurp wkh ghpdqg ixqfwlrqv iru |rxqj +7, dqg rog sdwlhqwv















J￿ER ￿S￿ : f +54,
zklfk lv lqfuhdvlqj lq wkh fdslwdwlrq ihh/ vr wkdw wkh uhjxodwru fdq frqwuro
r￿ yld wkh fdslwdwlrq ihh1
Zkhq wkh sodqqhu frqwurov erwk JSv* vzlwfklqj frvwv r wkh vrfldo ydoxh
ri d uhgxfwlrq lq vzlwfklqj frvwv lv
￿‘r ’
?&E￿ ￿ ￿J￿E@ ￿r￿
2|
: f +55,
Dw wkh fdslwdwlrq ihh RW ’ S n | zklfk lqgxfhv vrfldoo| rswlpdo txdolw| lw lv
dssduhqw wkdw
Sursrvlwlrq : Lw lv lpsrvvleoh wr dfklhyh vrfldoo| rswlpdo txdolw| dqg h￿ruw
wr uhgxfh vzlwfklqj frvwv vroho| e| uhjxodwlqj wkh ihh1
Rqh srvvleoh phdqv wr uhgxfh sdwlhqw vzlwfklqj frvw lv wr uhlpexuvh vrph
ri frvwv ri wkrvh zkr vzlwfk1 Ohw j eh wkh vxevlg| sdlg wr sdwlhqwv zkr vzlwfk
lq hlwkhu gluhfwlrq +dv zh zloo vhh lw grhv qrw pdwwhu zkhwkhu wkh vxevlg| lv
d uhlpexuvhphqw e| wkh JS ru e| wkh uhjxodwru,1 Wkh wrwdo glvwdqfh frvwv
4<ri |rxqj sdwlhqwv duh xqd￿hfwhg e| wkh ohyho ri vzlwfklqj frvwv1 Wkh dyhudjh















Ee ￿ r n j￿r +56,
lqvwhdg ri +45,1 j uhgxfhv wkh glvwdqfh frvwv ri wkh dgglwlrqdo rog sdwlhqwv
zkr duh lqgxfhg wr vzlwfk +wkh vhfrqg whup,1 Wkhuh lv qr fkdqjh lq wkh vrfldo
frvw shu vzlwfk r dqg wkh lqfuhdvh lq wkh qxpehu ri vzlwfkhuv wkhuhiruh udlvhv
vrfldo frvw ri vzlwfklqj +wkh odvw whup,1 Rq edodqfh wkh pdujlqdo lqfuhdvh lq
















Vlqfh j lv d sxuh wudqvihu sd|phqw lwv rqo| zhoiduh h￿hfw lv AJ
j dqg vr
Sursrvlwlrq ; Lw lv dozd|v vrfldoo| vxe0rswlpdo wr uhlpexuvh sdwlhqwv* vzlwfk0
lqj frvwv1
Wkhuh duh qr h{whuqdolwlhv lq d sdwlhqw*v ghflvlrq wr vzlwfk JSv vlqfh
wkh sdwlhqw ehduv wkh vzlwfklqj frvw dqg uhfhlyh wkh shufhlyhg ehqh￿w iurp
vzlwfklqj1 Rq dyhudjh wkhlu shufhswlrqv ri wkh ehqh￿w duh fruuhfw/ wkrxjk
vrph ryhu0hvwlpdwh dqg vrph xqghuhvwlpdwh lw1 Xqohvv d uhjxodwru fdq lp0
suryh wkh lqirupdwlrq dydlodeoh wr sdwlhqwv ru uhgxfh wkh vrfldo frvw shu vzlwfk
wkh sulydwho| rswlpdo vzlwfklqj ghflvlrqv duh dovr vrfldoo| rswlpdo1
9 Frqfoxvlrqv
Lq wkh pdunhw iru sulpdu| fduh sdwlhqwv lpsuryh wkhlu nqrzohgjh derxw wkh
fkdudfwhulvwlf ri wkh sudfwlfh wkh| mrlq diwhu h{shulhqflqj lwv vhuylfhv1 Sdwlhqwv
pdnh lqlwldo huuruv lq mxgjlqj txdolw| dqg vzlwfklqj frvwv orfn vrph ri wkh
plvwdnhq sdwlhqwv lqwr wkh zurqj JS1
Lw kdv ehhq vxjjhvwhg lq wkh khdowk vhuylfhv uhvhdufk olwhudwxuh +Vdolvexu|
4<;<> Wkrpdv/ Qlfroo dqg Frohpdq 4<<8, wkdw wkh idfw wkdw qrw pdq| shrsoh
+durxqg 418( shu dqqxp, fkdqjh wkhlu JS zlwkrxw d fkdqjh ri dgguhvv phdqv
wkdw JSv gr qrw qhhg wr frpshwh iru sdwlhqwv1 Zh kdyh vkrzq wkdw sdwlhqw
huuruv dqg vzlwfklqj frvwv gr qrw holplqdwh wkh lqfhqwlyhv iru JSv wr lqfuhdvh
txdolw| wr frpshwh iru sdwlhqwv zkhq wkh uhjxodwhg ihh lqfuhdvhv1 Pruhryhu
wklv frqfoxvlrq grhv qrw ghshqg rq wkh wkh sursruwlrq ri wkh srsxodwlrq
vzlwfklqj zklfk lq rxu prgho frxog eh duelwudulo| vpdoo1;
;Wkh sursruwlrq ri wkh vhfrqg shulrg srsxodwlrq zkr vzlwfk lv +4￿￿r,+h￿ v,@5w+4 ￿
￿r . ￿|,dqg rxu uhvxowv phuho| uhtxluh wkdw hAv 1
53Uhjxodwlrq ri wkh fdslwdwlrq ihh uhfhlyhg shu sdwlhqw fdq |lhog d zhoiduh
pd{lplvlqj ohyho ri txdolw|/ ghvslwh wkh idfw wkdw sdwlhqwv duh lpshuihfw mxgjhv
ri txdolw| dqg lqfxu vzlwfklqj frvwv1 Lq d v|vwhp olnh wkh QKV zkhuh wkh sulfh
ri fduh uhfhlyhg e| JSv lv sdlg iurp wd{dwlrq/ huuruv dqg vzlwfklqj frvwv gr
krzhyhu kdyh d uhdo h￿hfw ehfdxvh wkh| lqfuhdvh wkh frvw wr wd{sd|huv ri
lqgxflqj d uhtxluhg ohyho ri txdolw| dqg khqfh/ li wkhuh lv d ghdgzhljkw orvv
iurp wd{dwlrq wkh vrfldoo| rswlpdo uhjxodwhg txdolw| lv uhgxfhg1
Huuruv dqg vzlwfklqj frvwv dovr kdyh gluhfw zhoiduh frqvhtxhqfhv1 Hu0
uruv ohdg vrph sdwlhqwv wr fkrrvh wkh zurqj sudfwlfh1 D uhgxfwlrq lq wkh
glvshuvlrq ri wkh huuru glvwulexwlrq zloo pdnh vrph sdwlhqwv ehwwhu r￿ dqg
qrqh zruvh r￿1 Vzlwfklqj frvwv uhgxfh wkh qxpehu ri sdwlhqwv zkr vzlwfk
zkhq wkh| uhylvh wkhlu hvwlpdwh ri wkh txdolw| ri wkh JS wkh| kdyh fkrvhq
grzqzdug1 Vrph ri wkhvh sdwlhqwv zrxog eh ehwwhu r￿ dv uhvxow ri vzlwfklqj
ehfdxvh wkh rwkhu JS uhdoo| grhv kdyh kljkhu txdolw|1 Exw vrph ri wkhp zloo
eh zruvh r￿ ehfdxvh wkh| ryhuhvwlpdwh wkh txdolw| ri wkh rwkhu JS1 Wkxv/
dowkrxjk rq dyhudjh sdwlhqwv jdlq iurp d uhgxfwlrq lq vzlwfklqj frvwv/ vrph
ri wkhp duh pdgh zruvh r￿1
Wkh uhjxodwhg pdunhw lq zklfk wkh uhjxodwru*v vroh lqvwuxphqw lv wkh fds0
lwdwlrq ihh zloo qrw ohdg JSv wr fkrrvh vlpxowdqhrxvo| wkh vrfldoo| rswlpdo
ohyhov ri h￿ruw wr uhgxfh sdwlhqw huuruv dqg txdolw| ru vzlwfklqj frvwv dqg
txdolw|1 Li wkh uhjxodwhg ihh lv xwlol}hg wr dfklhyh wkh vrfldoo| rswlpdo ohyho ri
txdolw|/ JSv kdyh lqfhqwlyhv wr uhgxfh sdwlhqw huuruv derxw wkhlu rzq vhuylfh
dqg wr uhgxfh wkh frvwv ri sdwlhqwv vzlwfklqj wr wkhp exw wkhvh gr qrw uh hfw
wkh pdujlqdo zhoiduh h￿hfwv1 JSv pd| fkrrvh wr dgyhuwlvh wrr pxfk ru wrr
olwwoh iru rswlpdolw|1 Vlploduo| JSv kdyh lqfhqwlyhv wr uhgxfh wkh frvwv ri
frqvxphuv vzlwfklqj wr wkhp exw wkhvh gr qrw uh hfw wkh pdujlqdo zhoiduh
h￿hfwv1 Zkhq lqirupdwlrq dqg vzlwfklqj frvwv duh hqgrjhqrxv wkh rswlpdo
fdslwdwlrq ihh zloo eh d vhfrqg ehvw frpsurplvh edodqflqj lwv h￿hfwv rq txdo0
lw|/ lqirupdwlrq dqg h￿ruw wr uhgxfh vzlwfklqj frvwv1 Wkhuh zloo dovr eh vfrsh
iru dgglwlrqdo srolf| lqvwuxphqwv wr lq xhqfh txdolw|/ lqirupdwlrq surylvlrq
dqg vzlwfklqj frvwv1
Uhihuhqfhv
Ehvwhu K1 ￿Txdolw| xqfhuwdlqw| plwljdwhv surgxfw gl￿huhqwldwlrq￿/ UDQG
Mrxuqdo ri Hfrqrplfv/ 4<<;/ 5</ ;5;0;771
Gl{rq/ S1 Judyhooh/ K1/ Fduu0Kloo/ U1 dqg Srvqhww/ M1 Sdwlhqw Pryhphqwv dqg
Sdwlhqw Fkrlfh/ Uhsruw iru Qdwlrqdo Khdowk Vhuylfh H{hfxwlyh/ \run Khdowk
Hfrqrplfv Frqvruwlxp/ Ghfhpehu 4<<:1
54Hfrqrplghv Q1 ￿Txdolw| yduldwlrqv lq wkh flufxodu prgho ri ydulhw|0gl￿huhqwldwhg
surgxfwv￿/ Uhjlrqdo Vflhqfh dqg Xuedq Hfrqrplfv/ 4<<6/ 56/ 568058:1
Jhqhudo Krxvhkrog Vxuyh|/ Olylqj lq Eulwdlq 4<<81 4<<;/ KPVR
Judyhooh K1 ￿Fdslwdwlrq frqwudfwv= dffhvv dqg txdolw|￿/ Mrxuqdo ri Khdowk
Hfrqrplfv/ 4;/ 4<<</ 64806731
Nohpshuhu S1 ￿Wkh frpshwlwlyhqhvv ri pdunhwv zlwk vzlwfklqj frvwv￿/ Wkh
UDQG Mrxuqdo ri Hfrqrplfv/ 4<;:/ 4;/ 46;04831
Nohpshuhu S1 ￿Frpshwlwlrq zkhqfrqvxphuv kdyh vzlwfklqj frvwv= dq ryhuylhz
zlwk dssolfdwlrqv wr lqgxvwuldo rujdql}dwlrq/ pdfurhfrqrplfv dqg lqwhuqd0
wlrqdo wudgh￿/ Uhylhz ri Hfrqrplf Vwxglhv/ 4<<8/ 95/ 848086<1
Ulrughq PK1 ￿Prqrsrolvwlf frpshwlrq zlwk h{shulhqfh jrrgv￿/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ 4<;9/ 434/ 59805:<1
Vdolvexu| F1 ￿Krz gr shrsoh fkrrvh wkhlu grfwruB￿/ Eulwlvk Phglfdo Mrxuqdo/
4<;<> 5<<= 93;09431
Vdors VF1 ￿Prqrsrolvwlf frpshwlwlrq zlwk rxwvlgh jrrgv￿/ Ehoo Mrxuqdo ri
Hfrqrplfv/ 4<:</ 43/ 47404891
Vfkpdohqvhh U1 ￿Surgxfw gl￿huhqwldwlrq dgydqwdjhv ri slrqhhulqj eudqgv￿/
Dphulfdq Hfrqrplf Uhylhz/ 4<;5/ :5/ 67<06981
Wkrpdv N/ Qlfkroo M dqg Frohpdq S1 ￿Dvvhvvlqj wkh rxwfrph ri pdnlqj lw
hdvlhu iru sdwlhqwv wr fkdqjh jhqhudo sudfwlfwlrqhu= sudfwlfh fkdudfwhulvwlfv
dvvvrfldwhg zlwk sdwlhqw pryhphqwv￿/ Eulwlvk Mrxuqdo ri Jhqhudo Sudfwlfh/
4<<8/ 78/ 8;408;91
Wruh Q1 ￿Wzr nlqgv ri frqvxphu vzlwfklqj frvwv￿/ Wkh UDQG Mrxuqdo ri
Hfrqrplfv/ 4<<5/ 56/ 8:<08;<1
Zrolqvn| D1 ￿Surgxfw gl￿huhqwldwlrq zlwk lpshuihfw lqirupdwlrq￿/ Uhylhz ri
Hfrqrplf Vwxglhv/ 4<;7/ 860941
Zrolqnvn|/ D1 ￿Wuxh prqrsrolvwlf frpshwlwlrq dv d uhvxow ri lpshuihfw lqiru0
pdwlrq￿/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 434/ 4<;9/ 7<608441
Dsshqgl{
55Sdwlhqwv* glvwdqfh dqg vzlwfklqj frvwv1 Wkh dyhudjh glvwdqfh dqg vzlwfklqj







































￿ lv wkh glvwdqfh frvwv ri wkh wzr |rxqj vxejurxsv ri sdwlhqwv1 A J
￿ gh￿qhv
wkh frvwv ri wkh irxu rog vxejurxsv= wkrvh zkr vwd| zlwk JS ￿/ wkrvh zkr
vzlwfk wr JS ￿ iurp JS ￿/ wkrvh zkr vzlwfk wr JS ￿ iurp JS ￿/d q g
wkrvh zkr vwd| zlwk JS ￿1































Rog sdwlhqwv hlwkhu vwd| zlwk wkh JS fkrvhq zkhq rog +wkh ￿uvw dqg wklug
whupv lq A J
2, ru vzlwfk iurp JS ￿ wr JS ￿ +wkh vhfrqg whup lq AJ
2,1 Jlyhq
wkh v|pphwu| dvvxpswlrqv/ wkh frvwv iru jurxs ￿ sdwlhqwv zkr xqghuhvwlpdwh
wkh txdolw| ri JS ￿ dqg ryhuhvwlpdwh wkh txdolw| ri JS ￿ lv htxdo wr wkh
frvwv ri jurxs 21
Wrwdo glvwdqfh frvwv ri |rxqj dqg rog jurxs e sdwlhqwv lq hdfk shulrg zkr
















Xvlqj wdeoh 5 zh hydoxdwh wkh lqwhjudov wr jlyh wkh h{suhvvlrqv iru A + dqg
AJ jlyhq lq wkh wh{w1
56R fdslwdwlrq ihh
_ sdwlhqw*v glvwdqfh wr JS D
| frvw shu xqlw ri glvwdqfh
^￿ txdolw| ri JS ￿
￿ ^￿ ’ ^￿ n￿ e￿ shufhlyhg txdolw| ri JS ￿
￿ e￿ 5 ie￿c￿e￿j htxlsuredeoh huuruv ri xqlqiruphg sdwlhqwv
e￿ ’ @￿ n 6￿^￿ huuru sdudphwhu
r￿ frvw wr sdwlhqw ri vzlwfklqj wr JS ￿
B￿ pdunhw vhjphqw ri JS D dprqjvw |rxqj sdwlhqwv
lq jurxs ￿ ’￿ c￿￿￿ce
B
￿￿
￿ orfdwlrq ri jurxs ￿ sdwlhqw zkr lv lqgl￿huhqw
ehwzhhq vzlwfklqj iurp JS ￿ wr JS ￿
(￿





2 vhfrqg shulrg ghpdqg iru JS ￿
T ￿ h{shfwhg glvfrxqwhg sur￿w ri JS ￿
￿￿ dgyhuwlvlqj h￿ruw ri JS ￿
e￿ ’ @f ￿ #￿￿ h￿hfw ri dgyhuwlvlqj rq sdwlhqw huuruv
b pdujlqdo ghdgzhljkw orvv iurp wd{dwlrq
q^2
￿ frvw ri txdolw|
Wdeoh 4= Qrwdwlrq
57Fulwlfdo glvwdqfh Fulwlfdo glvwdqfh iru rog sdwlhqwv zkr
Jurxsv Huuruv iru |rxqj sdwlhqwv vzlwfk wr JE D vzlwfk wr JS E













































Ghpdqg iurp Rog sdwlhqwv zkr
Jurxsv Huuruv |rxqj sdwlhqwv vzlwfk lq vzlwfk rxw













































Wdeoh 6= Ghpdqg iru JS D
58